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of the most relevant determinants,” but in our evaluation, the
difference between the regions with or without reimbursement
was marginal and not sufficient to explain the high rate of discon-
tinuations. On the other hand, a recent report suggested that the
frequency of control visits strongly affects the adherence,’ which
seems to be plausible but could be not assessed in this context.

In conclusion, sales data provided by manufacturers show an
alarming rate of SLIT discontinuation, which is approximately
90% at 3 years after prescription. The phenomenon is uniform and
consistent, and its causes need to be investigated urgently,
because adherence is of primary relevance for the efficacy of
SLIT. A stricter and closer collaboration between clinicians and
manufacturers could be a reasonable approach to study the
problem and, possibly, solve it.
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Wheezing in preschool children is associated
with increased levels of cytokines/chemokines
in exhaled breath condensate

To the Editor:

Although asthma is a common disease in children, only a
minority of young children with respiratory symptoms, such as
wheeze, will develop persistent symptoms. Mostly, preschool
wheeze is associated with viral respiratory tract infections. These
children are usually symptom-free at the age of 6 years. Airway
inflammation is a central feature in asthma. Whether and to what
degree airway inflammation is already a characteristic in wheez-
ing preschool children is unknown. The current tools to assess
airway inflammation, such as lung biopsy and bronchoalveolar
lavage, are too invasive for routine use in young children. There is
an increasing interest in the noninvasive assessment of inflam-
matory markers in exhaled breath such as fractional exhaled nitric
oxide (FeNO) and solutes in exhaled breath condensate (EBC).
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The aim of our study was to assess whether FeNO levels,
inflammatory markers in EBC, and airway resistance are associ-
ated with wheezing in preschool children.

This study included children from the Asthma DEtection and
Monitoring (ADEM) study that started in 2006 in the Netherlands
(registered at clinicaltrial.gov: NCT 00422747)." A total of 258
preschool children (age range, 1.9-4.5 years) were selected:
57 children who never wheezed, 78 children with 1 to 3 wheez-
ing episodes, and 123 children who experienced more than 3
wheezing episodes during life (defined as recurrent wheeze),
as assessed by the International Study of Asthma and Allergies
in Childhood questionnaire.” Clinical characteristics are sum-
marized in Table 1. If applicable, inhaled corticosteroids admin-
istration was stopped at least 4 weeks before the measurements.
The offline measurements of FeNO, the collection of EBC, and
the measurements of airway resistance have been described in
detail previously.' In short, FeNO was collected offline in a
500-mL inert balloon during tidal breathing and analyzed by us-
ing a nitric oxide monitoring system (NIOX; Aerocrine, Solna,
Sweden). To collect EBC, a closed glass condenser system with
a breath recirculation unit was used, which was developed at our
institute." This efficient condenser system enables the recircula-
tion of exhaled breath that does not directly condense. As a re-
sult, a high amount of EBC can be collected in a short time.
Acidity of EBC was analyzed directly after collection (Radio-
meter Benelux B.V., Zoetermeer, The Netherlands). Inflamma-
tory markers in EBC (Interleukin [IL]-le, IL-2, IL-4, IL-5,
IL-8, IL-10, IL-13, soluble intercellular adhesion molecule
[SICAM], TNF-a, RANTES [Chemokine (C-C motif) ligand 5
(CCLS5)], and eotaxin [CCL11]) were measured using multiplex
immunoassay (Luminex Corp, Austin, Tex). Airway resistance
before and after a short-acting (3,-agonist (300 pg salbutamol,
Teva Pharma, Haarlem, The Netherlands) was measured by
using the MicroRint device (Micro Medical Ltd, Rochester,
United Kingdom).!

Differences among the 3 groups regarding their clinical
characteristics and main outcome measurements were evaluated
by means of nonparametric tests (Kruskal-Wallis or Mann-
Whitney) and the x” test for categorical variables (SPSS Inc,
Chicago, Ill). Adjustment for multiple testing was conducted
via the false discovery rate. Differences among groups were
considered significant when the corrected false discovery rate
P value was <.05.

The results showed that 97% of the children (N=251) were
able to produce sufficient EBC with a mean volume of 498 L
(range, 60-1410 pL). Sudden anxiety was the major reason for
dropout of the remaining 7 children. Successful FeNO, baseline
airway resistance, and postbronchodilator airway resistance
measurements were achieved in, respectively, 99%, 96%, and
92% of the children.

All ILs (IL-1e, IL-2, IL-4, IL-5, IL-8, IL-10, IL-13) and
sICAM significantly differed between groups (P < .05, Kruskal-
Wallis test). Results of the post hoc pairwise comparisons are
shown in Fig 1 (A-C), in which the significant pairwise compari-
sons are marked with an asterisk (P < .05, Mann-Whitney test).
Levels of all ILs and sSICAM were higher in the group of children
with >3 wheezing episodes than in the children who never
wheezed. In addition, levels of IL-2, IL-4, and IL-10 were higher
in children with minor symptoms (1-3 wheezing episodes) than in
children who never wheezed. Both levels of IL-13 and sICAM
were elevated in children with >3 wheezing episodes compared
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TABLE I. Patient characteristics

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

Characteristic

>3 Wheezing episodes

1-3 Wheezing episodes Never wheezed

Study population (no.) 123
Age (y), mean (range) 3.2 (2.0-4.4)
Male/female (no.) 66/57

Height (cm), mean (range)

Weight (kg), mean (range) 15.5 (9.1-22.1)

Atopy, no. (%) 27 (22)
Eczema, no. (%)* 51 (41)
Use of ICS, no. (%)* 30 (24)
Use of short-acting 3,-agonist, no. (%)** 58 (47)
Use of long-acting [3,-agonist, no. (%) 54)

97.0 (82.0-111.0)

78 57
3.2 (1.9-4.3) 3.3 (2.2-45)
45/33 28/29

98.2 (86.0-112.0)
16.0 (11.7-23.0)

98.3 (81.0-112.0)
15.6 (10.5-20.4)

18 (23) 13 (23)
27 (35) 13 (23)
79 0 (0)
18 (23) 3(5)
1(1) 0 (0)

ICS, Inhaled corticosteroids.
*P < .05: >3 vs 1-3 episodes, and >3 vs never wheezed.

*#*P < .05: >3 vs 1-3 episodes, >3 vs never wheezed, and 1-3 episodes vs never wheezed.

with the children with minor symptoms. No differences were
found in levels of TNF-a, RANTES, and eotaxin and the pH of
EBC between groups. Moreover, offline collected FeNO levels
and airway resistance before and after salbutamol did not differ
among the 3 groups. In a subanalysis, children with atopy were
compared with children without atopy. Atopy was defined as a
positive Phadiatop Infant test (Phadia, Uppsala, Sweden). There
were no differences in FeNO levels, inflammatory markers in
EBC (including the prototypical Ty2 cytokines IL-4, IL-5, and
IL-13), and airway resistance between atopic and nonatopic
children.

The high success rate of EBC collection in our study is the
result of various factors. At first, we used a closed-glass condenser
that enables recirculation of exhaled breath that does not directly
condense. In this way, noncondensed air is not lost, in contrast
with condensers with an open end. The recirculation increases the
amount of collected EBC 2-fold, and there is no indication that it
influences the levels of markers, because measurements before
and after breath recirculation did not significantly differ.’ The
efficient system enables sufficient EBC collection in less time
(10 minutes is enough), which is an important success factor in
this young age group. Second, EBC markers were measured
by using multiplex immunoassay (Luminex technology). This
technology is highly sensitive and is able to measure different
cytokines accurately in a small sample volume.* Finally, we
increased feasibility by facilitating tools to make children feel
at ease during the EBC collection.

The increased levels of the various exhaled inflammatory
markers in condensate point to an ongoing inflammatory response
in children with recurrent wheeze compared with nonwheezing
controls. The elevated markers in recurrent wheezers may reflect
different aspects of airway inflammation. They include Ty2 cyto-
kines (IL-4, IL-5, IL-13), a proinflammatory cytokine (IL-1a), a
Tyl cytokine (IL-2), a chemokine (IL-8), an anti-inflammatory
cytokine (IL-10), and an adhesion molecule (SICAM). These
markers play an important role in the inflammatory response in
asthma. The elevated levels of different types of cytokines fit
into the concept that in wheezing preschool children, more than
1 immune mechanism is involved, leading to a chain of inflamma-
tory events.’

The etiology of preschool wheezing is heterogeneous.
Some children may wheeze because of a viral infection; in
others, allergen provocation may trigger their symptoms. The
type of inflammation differs depending on the underlying

pathophysiology. Viral wheeze is the most common phenotype
of wheezing in preschool children. There is increasing evidence
that during a viral-triggered wheezing attack, neutrophilic
inflammation plays a central role.®” In contrast, in children
with atopic asthma, inflammation is predominately mediated
by eosinophils.8 Some of our results point to a neutrophilic in-
flammation in the children with recurrent wheezing. For this
group, we found elevated levels of IL-8, a neutrophil chemoat-
tractant. By contrast, we did not find elevated levels of
RANTES and eotaxin, 2 powerful chemoattractants for eosino-
phils, in wheezing children. Similarly, no group difference in
offline collected FeNO levels, known to reflect eosinophilic in-
flammation, was observed. However, we did find elevated levels
of IL-5 in children with recurrent wheeze, a marker involved in
the activation of eosinophils. Therefore, our results strengthen
the current opinion that multiple mechanisms lead to episodes
of wheeze at preschool age.’

No differences in FeNO levels and EBC markers in children
with atopy compared with children without atopy were found.
This may be a result of the low prevalence of atopy to inhalant
allergens in this age group, resulting in small numbers per
group.

In previous studies, bronchoscopy and bronchoalveolar lavage
were performed to examine airway inflammation in preschool
wheezers.”'® An advantage of the EBC technique over bronchos-
copy and bronchoalveolar lavage is that EBC collection is a safe,
noninvasive technique and can be easily performed in nonsedated
preschool children. However, low detection limits and possible
influences of expiratory flow, temperature of the condenser
tube, and dilution factor on EBC collection remain challenging is-
sues of this technique that need to be addressed in further inves-
tigations. Future pediatric studies comparing markers in EBC
with markers in bronchoalveolar lavage and induced sputum are
important to increase our knowledge about the pathophysiology
of preschool wheezing.

In conclusion, we demonstrated that EBC collection, offline
FeNO, and airway resistance measurements are feasible in
preschool children. The elevated EBC markers indicated in-
creased airway inflammation in preschool children with recurrent
wheezing. The analysis of EBC is helpful as a noninvasive tool for
the early detection of airway inflammation in preschool children
with respiratory symptoms. In the ADEM study, we will follow
the children until the age of 6 years. At that age, we will be able to
distinguish different wheezing phenotypes. Whether markers in
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FIG 1. A-C, Markers in EBC of children with >3 wheezing episodes
(coarsely-striped bar), 1 to 3 wheezing episodes (spotted bar), and no
wheezing (finely-striped bar). *Significant pairwise comparisons (P < .05).
Markers are grouped based on their range in concentration.

EBC, FeNO, and MicroRint measurements are useful to distin-
guish between wheezing phenotypes, will be determined during
this follow-up.

We thank our research nurse, Karen Groot, and master’s degree student in
health sciences, Annedien Nijhuis, for their outstanding assistance during the
collection of EBC and the lung function measurements.
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Impaired Ty2 response in patients with Vav1-
deficient common variable immunodeficiency
with T-cell defects

To the Editor:

Common variable immunodeficiency (CVID) is a primary
immune disorder including a heterogeneous group of diseases
with the unifying feature of hypogammaglobulinemia.' Defects
not only in B cells, which are directly responsible for anti-
body production, but also in other immune cells involved in
the generation of an effective humoral response, including
antigen-presenting cells and Ty cells, represent the molecular
basis of CVID.?

Ty cells orchestrate the host immune response and can be
divided into different subsets based on their pattern of cytokine
secretion. Ty cells produce IFN-y and TNF-f3, which elicit mac-
rophage activation and cell-mediated immunity, whereas Ty2
cells produce IL-4 and IL-13, which promote B-cell maturation
and antibody production. The differentiation of Ty1 and T2 sub-
sets is finely regulated by specific transcription factors, cytokines,
and costimulatory signals. Among the lineage-specific transcrip-
tion factors, T-box transcription factor (T-bet) plays a central role
in Ty1 cell development, whereas GATA-3 and c-Maf drive T2
cell differentiation.®”

We have previously identified a subset of patients with CVID
with impaired T-cell function characterized by defective
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